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LEAN BURN ENGINE CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[001] The present nonprovisional application claims priority under 35 USC 119 
to Japanese Patent Application No. 2002-197336 filed on July 5, 2002 the entire 
contents thereof is hereby incorporated by reference. 

Field of the Invention] 
[002] The present invention relates to a control system of a lean burn engine. 
More particularly, to a control system of a lean burn engine suitable for lean burn 
control. 

Description of Background Art 
[003] A lean burn control is known wherein the air- fuel ratio of an air- fuel 
mixture is controlled so that the air-fuel ratio becomes leaner than the stoichiometric 
air-fuel ratio in the steady driving mode and the slow acceleration mode of an engine. 
In a reciprocating engine for an aircraft, when an air-fuel ratio is shifted to the lean 
side by operating a mixture control lever provided separately from a power lever, the 
ratio of fuel economy is enhanced up to a predetermined value. However, as the 
engine begins to stall when an air-fuel mixture becomes lean, the ratio of fuel 
economy is deteriorated. The air-fiiel ratio at this time is called a lean limit and the 
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value is greatly different depending upon whether the engine is a lean burn engine or 
not. 

[004] Fig. 13 shows an example of a relation in an air- fuel ratio (and a throttle 
angle) and specific fuel consumption between a lean burn engine and a normal engine 
except in the normal engine a lean limit exists in the vicinity of 17. However, in the 
lean burn engine, even if a throttle angle reaches a full throttle position, there is no 
lean limit. 

[005] In the normal engine, the lean limit is set in the vicinity of an intermediate 
angle of a throttle valve and when the throttle valve is further opened and intake air 
quantity is increased, the output characteristic of an engine is secured by returning a 
mixture control lever, increasing injection quantity and decreasing the degree of 
leaning. 

[006] In the meantime, in the lean bum engine, the lean limit exists on the leaner 

side, compared with that in the normal engine and the lean bum engine is provided 

with a characteristic that even if a throttle valve is turned a full throttle state and the 

quantity of air is maximum, low fuel consumption is still maintained. 

[007] Such a control system of the reciprocating engine for an aircraft is 

disclosed, for example, in Japanese published unexamined patent application No. 

Hei6-247392. 

[008] In the prior art described above, in case injection quantity is increased 
beyond the lean limit in the normal engine, a pilot is required to operate the mixture 
control lever separately from the power lever and to adjust injection quantity. That is, 
the pilot is required to operate both the power lever and the mixture control lever. 
[009] Besides, as in the prior art, the degree of leaning has not been set in 
consideration of the engine temperature though the optimum degree of leaning in a 
lean burn control depends upon engine temperature. Thus, there is a technical problem 
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in warming up wherein the air-fuel ratio is shifted too much on the lean side. 
[0010] Further, as the ignition timing of the engine is also set based upon only 
engine speed in the vicinity of the lean limit or in a range beyond it in the prior art, it 
is difficult to ignite the engine at optimum timing when the air- fuel ratio is shifted on 
the lean side by lean bum control. 

SUMMARY AND OBJECTS OF THE INVENTION 
[001 1] The first object of the invention is to solve the problems of the prior art and 
to provide a control system that enables an optimum lean bum control only by 
operating one lever beyond a lean limit of a lean bum engine. 

[0012] The second object of the invention is to solve the problems of the prior art 
and to provide a control system that enables optimum lean bum control according to 
the engine temperature of a lean bum engine. 

[0013] The third object of the invention is to solve the problems of the prior art 
and to provide a control system that enables the ignition timing of an engine to be set 
to optimum timing in lean bum control of a lean bum engine. 

[0014] To achieve the objects, the invention is characterized in that the control 
system of the lean bum engine is provided with the following means. 
[0015] The control system of the lean bum engine according to the present 
invention is provided with a throttle valve that controls the intake air quantity of the 
engine, a power lever that turns the throttle valve, means for detecting the 
manipulated variable of the power lever, means for determining the degree of leaning 
of an air-fuel mixture according to the detected manipulated variable and means for 
controlling the air- fuel ratio of the mixture so that the mixture becomes lean according 
to the determined degree of the leaning. A range in which the power lever is operated 
is secured up to a range beyond the full throttle position of the throttle valve, in the 
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operational range beyond the full throttle position with the throttle valve being kept in 
a full throttle state and only the detected manipulated variable varies. 
[0016] (2) The control system of the lean burn engine according to the present 
invention is characterized in that it is further provided with means for determining 
whether the engine is warmed up or not and means for controlling the degree of the 
leaning based upon the result of the determination. 

[0017] (3) The control system of the lean burn engine according to the present 
invention is characterized in that it is provided with means for acquiring reference 
ignition timing based upon engine speed, means for acquiring a first correction 
amount related to ignition timing based upon the load of the engine, means for 
acquiring a second correction amount related to ignition timing based upon an air- fuel 
ratio according to the degree of the leaning, means for correcting the reference 
ignition timing by the first and second correction amounts and means for controlling 
the ignition of the engine at the corrected ignition timing. 

[0018] According to the characteristic (1) described above, as the manipulated 
variable of the power lever is also quantitatively acquired in a range beyond the full 
throttle position of the throttle valve, the air-fuel ratio beyond the lean limit can be 
controlled by only the manipulated variable of the power lever. 

[0019] According to the characteristic (2) described above, as the degree of 
leaning an air- fuel mixture is controlled according to whether the engine is warmed up 
or not, optimum lean burn control according to engine temperature is enabled. 
[0020] According to the characteristic (3) described above, as the ignition timing 
of the engine can be set utilizing not only engine speed but a parameter in addition to 
engine speed, a more suitable lean burn control is enabled. 

[0021] Further scope of applicability of the present invention will become 
apparent from the detailed description given hereinafter. However, it should be 
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understood that the detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of illustration only, since 
various changes and modifications within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] The present invention will become more fully understood from the detailed 
description given hereinbelow and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of the present invention, and 
wherein: 

[0023] Fig. 1 is a block diagram showing a main part of an engine control system 
equivalent to one embodiment of the present invention; 

[0024] Fig. 2 schematically represents relation among the manipulated variable of 
a power lever, the output of a positional sensor and a throttle angle; 
[0025] Figs. 3(a) to 3(c) are side views partially removed showing the 
configuration of a main part of a throttle body provided with the positional sensor and 
a link mechanism; 

[0026] Fig. 4 shows the throttle body viewed from the direction of an intake 
passage; 

[0027] Fig. 5 shows a main flow for engine control; 

[0028] Fig. 6 is a flowchart showing a procedure of an air-fuel ratio setting 
process; 

[0029] Fig. 7 is a flowchart showing a procedure of an ignition timing setting 
process; 

[0030] Fig. 8 shows the relation between the manipulated variable Lpower of the 
power lever 1 and a leaning factor KH; 
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[0031] Fig. 9 shows the relation between engine speed Ne and a reference advance 
angle GIGNe; 

[0032] Fig. 10 shows the relation between intake pressure Pb and an advance 
angle increment AGIGPb; 

[0033] Fig. 11 shows the relation between a target fuel-air (F/A) ratio tag and an 
advance angle increment A0IGFA; 

[0034] Fig. 12 compares the output characteristic and the fuel economy ratio 
characteristic of a lean bum engine to which the invention is applied with those of a 
conventional type normal engine; and 

[0035] Fig. 13 shows the relation of air-fiiel ratio (and a throttle angle) and a 
specific fuel consumption between the lean burn engine and the normal engine except 
it. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0036] Referring to the drawings, a preferred embodiment of the present invention 
will be described in detail below. Fig. 1 is a block diagram showing a main part of 
an engine control system equivalent to one embodiment of the invention and shows 
only the configuration required to understand the present invention. 
[0037] A throttle valve 3 provided to a throttle body 10 is coupled to a power lever 
1 via a link mechanism 4 and is turned in response to the operation of the power lever 
1. The manipulated variable (L power)(%) of the power lever 1 is detected by a 
positional sensor 2. An Ne sensor 11 detects the engine speed Ne. An intake 
pressure sensor 12 detects the pressure Pb of air in an intake pipe. An intake 
temperature sensor 13 detects the temperature Tw of the air in the intake pipe. An 
engine temperature sensor 14 detects engine temperature TE based upon the 
temperature of cooling water. ECU 15 calculates time Tout when an injector is 
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opened and the ignition timing 0IG of an engine based upon a process value detected 
by each sensor described above and controls a fuel injection unit 16 and an ignition 
unit 17. 

[0038] Fig. 2 schematically represents the relation among the position (the 
manipulated variable) of the power lever 1, the output Lpower of the positional sensor 
2 and a throttle angle 0th, and the same reference number as that described above 
denotes the same or similar part. 

[0039] The link mechanism 4 opens the throttle valve 3 at an angle according to 
the manipulated variable of the power lever 1 while the throttle valve 3 is located in a 
range from an idle state L to a full throttle position MAX. When the power lever 1 is 
further operated beyond the full throttle position MAX of the throttle valve 3, the 
throttle valve 3 is maintained in the full throttle position independent of the position 
of the power lever 1 and only the positional sensor 2 outputs a signal according to the 
manipulated variable of the power lever 1. 

[0040] As described above, this embodiment is characterized in that when the 
power lever 1 is operated beyond the full throttle position MAX of the throttle valve 3, 
the position is detected by the positional sensor 2 and the output of the engine is 
controlled according to the manipulated variable of the power lever 1 independent of 
the angle of the throttle valve 3 in a range of the operation beyond the full throttle 
position of the throttle valve 3. 

[0041] Figs. 3(a) to 3(c) are side views partially removed so that the following 
configuration is apparent showing the configuration of a main part of the throttle body 
10 provided with the positional sensor 2 and the link mechanism 4. Fig. 3(a) shows an 
idle state, Fig. 3(b) shows a full throttle state and Fig. 3(c) shows a state in which the 
power lever 1 is further operated beyond the full throttle state. Fig. 4 shows the 
throttle body 10 viewed from a direction of an intake passage. 
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[0042] As shown in Figs. 3(a) to 3(c) one end of push-pull wire 41 is coupled to 
the power lever 1 (not shown) and the other end is coupled to a throttle gear 43 via a 
crank mechanism 42. The throttle valve 3 is coaxially coupled to the throttle gear 43 
via a lost motion mechanism 44. The positional sensor 2 is provided with a driven 
gear 2 1 engaged with the throttle gear 43 and detects the quantity of the displacement 
of the push-pull wire 41, that is, the manipulated variable of the power lever 1 by 
detecting the turning angle of the driven gear 21. 

[0043] In such a configuration, when the power lever 1 in the idle state shown in 
Fig. 3(a) is operated and the push-pull wire 41 is pushed, the throttle gear 43 is turned 
according to the quantity of the displacement of the push-pull wire 41 to the full 
throttle position shown in Fig. 3(b) of the throttle valve 3 and further, the driven gear 
21 is turned. The positional sensor 2 detects the turning angle of the driven gear 21 
and outputs this as a signal showing the manipulated variable of the power lever 1 . 
[0044] When the push-pull wire 41 is further pushed beyond the full throttle 
position shown in Fig. 3(b), the throttle valve 3 is prevented from being further turned 
and remains maintained in the full throttle state. However, the throttle gear 43 is 
further turned to a predetermined limit position against the resilience of a coil spring 
46 of the lost motion mechanism 44. At this time, as the driven gear 21 is also 
turned together with the throttle gear 43, the positional sensor 2 can also output a 
signal showing the manipulated variable of the power lever 1 after the power lever 
passes the full throttle position of the throttle valve 3. 

[0045] Next, referring to a flowchart, engine control in this embodiment will be 
described in detail. Fig. 5 shows a main flow of engine control and it is periodically 
executed by ECU 15. 

[0046] In a step SI, an air- fuel ratio setting process is executed. In this 
embodiment, the air-fuel (A/F) ratio is controlled by increasing or decreasing time 
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Tout when the injector is opened. Fig. 6 is a flowchart showing a procedure of the 
air-fuel ratio setting process. 

[0047] In step SI 01, the basic fuel-air (F/A) ratio is set. In this embodiment, the 
basic fuel-air ratio is set to 12.5 converted to air- fuel (A/F) ratio. In step SI 02, the 
intake pressure Pb detected by the intake pressure sensor 12 and intake temperature 
TA detected by the intake temperature sensor 13 are read. In step SI 03, a battery 
voltage compensating constant Tv for increasing or decreasing time when the injector 
is opened according to the variation of battery voltage is calculated. 
[0048] In step SI 04, the temperature Tw of cooling water detected by the engine 
temperature sensor 14 is compared with first reference temperature Trefl. The first 
reference temperature Trefl is a reference value for determining whether the engine is 
cool or not and in case the temperature Tw of cooling water exceeds the first reference 
temperature Trefl, the process proceeds to a step SI 05. In the step SI 05, the 
detected temperature Tw of cooling water is compared with a second reference 
temperature Tref2. The second reference temperature Tref2 is a reference value for 
determining whether the engine is completely warm or not and in case the temperature 
Tw of cooling water exceeds the second reference temperature Tref2, the process 
proceeds to a step SI 06 and in a case except it, the process proceeds to a step SI 07. 
In the step SI 06, 1 is set for a temperature compensating factor R. In the step SI 07, 
a predetermined value Rx (0 < Rx < 1) is set for the temperature compensating factor 
R. 

[0049] In a step SI 08, the manipulated variable Lpower of the power lever 1 is 
acquired based upon a signal output from the positional sensor 2. In a step SI 09, a 
leaning factor KH is acquired based upon the manipulated variable Lpower of the 
power lever 1 . In this embodiment, a data table that defines the relationship shown 
in Fig. 8 between the manipulated variable Lpower of the power lever 1 and the 
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leaning factor KH is prepared beforehand and the leaning factor KH is acquired by 
retrieving the data table based upon the detected manipulated variable Lower. In a 
step SI 10, the leaning factor KH for temperature compensating is acquired as shown 
in the following expression (1). 
[0050] KH = 1 - (1 - KH) x R — (1) 

[0051] In case it is determined in the step SI 04 that the temperature Tw of cooling 
water is lower than the first reference temperature Trefl, the leaning factor KH is set 
to 1 in a step SI 12 independent of the manipulated variable Lpower of the power lever 
1. In a step Sill, time Tout when the injector is opened is acquired based upon the 
following expression (2). A factor K in this expression is a constant determined by 
the injection performance of the injector and others. 
[0052] Tout = K x Pb/TA xFAxKH + Tv — (2) 

[0053] When the time Tout when the injector is opened is acquired as described 
above, an ignition timing setting process is executed in a step S2 shown in Fig. 5. 
Fig. 7 is a flowchart showing a procedure of the ignition timing setting process. 
[0054] In a step S201, a reference advance angle 0IGNe is acquired based upon 
engine speed Ne. In this embodiment, a data table that defines the relationship 
shown in Fig. 9 between engine speed (Ne) and the reference advance angle (OIGNe) 
is prepared beforehand and the reference advance angle GIGNe is acquired by 
retrieving the data table based upon engine speed Ne. 

[0055] In a step S202, an advance angle increment AOIGPb according to a load of 
the engine is acquired. In this embodiment, a data table that defines the relationship 
shown in Fig. 10 between intake pressure Pb representing the load of the engine and 
the advance angle increment AOIGPb is prepared beforehand and the advance angle 
increment AOIGPb is acquired by retrieving the data table based upon intake pressure 
Pb. 
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[0056] In a step S203, it is determined whether the leaning factor KH acquired in 
the step SI 10 is smaller than 1 or not and if the factor is smaller than 1, the process 
proceeds to a step S204. In the step S204, a target fiiel-air (F/A) ratio tag is acquired 
as the product of the basic fuel-air (F/A) ratio and the leaning factor KH in the 
following expression (3). 
[0057] FAtag = FA x KH — (3) 

[0058] In a step S205, an advance angle increment A0IGFA is acquired based upon 
the target fuel-air (F/A) ratio tag. In this embodiment, a data table that defines the 
relationship shown in Fig. 11 between the target fuel-air (F/A) ratio tag and the 
advance angle increment A0IGFA is prepared beforehand and the advance angle 
increment A9IGFA is acquired by retrieving the data table based upon the target 
fuel-air (F/A) ratio tag. 

[0059] Unless the leaning factor KH is smaller than 1 in the step S203, the 
advance angle increment A0IGFA is set to 0 in a step S207. In a step S206, a total 
advance angle 9IG is acquired as the total of the reference advance angle OIGNe, the 
advance angle increment AOIGPb according to the load of the engine and the advance 
angle increment A0IGFA according to the target fuel-air (F/A) ratio tag. 
[0060] When the total advance angle 9IG is acquired as described above, the fuel 
injection unit 16 is controlled based upon time Tout when the injector is opened in a 
step S3 in Fig. 5 and the ignition unit 17 is controlled based upon the total advance 
angle 9IG 

[0061] Fig. 12 compares the output characteristic and the fuel economy ratio 
characteristic of a lean bum engine to which the invention is applied with those of a 
conventional type normal engine. 

[0062] In this embodiment, as an air-fuel mixture can be also densified according 
to the manipulated variable of the power lever 1 detected by the positional sensor 2 
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after the throttle valve is fully opened, the output of the engine can be kept large in a 
wide range by only the operation of the power lever 1 . Besides, in this embodiment, 
as the air-fuel ratio is controlled according to engine temperature and ignition timing 
is dynamically controlled according to the load of the engine and the degree of leaning 
the air-fuel mixture, further fuel economy is enabled. 

[0063] According to the present invention, the following effect is achieved. 
[0064] According to the present invention, as the manipulated variable of the 
power lever is also quantitatively acquired in a range beyond the full throttle position 
of the throttle valve, the air-fuel ratio beyond a lean limit can be controlled based 
upon only the manipulated variable of the power lever. 

[0065] According to the present invention, as the degree of leaning an air-fuel 
mixture is decreased and the air-fuel ratio is shifted on the rich side when the power 
lever is operated beyond the lean limit, the output of the engine can be enhanced. 
[0066] According to the present invention, as the degree of leaning an air-fuel 
mixture is controlled according to whether the engine is warmed up or not, optimum 
lean burn control according to engine temperature is enabled. 

[0067] According to the present invention, as the ignition timing of the engine can 
be set utilizing not only engine speed but a parameter except the engine speed, more 
suitable lean bum control is enabled. 

[0068] The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifications as would be obvious to 
one skilled in the art are intended to be included within the scope of the following 
claims. 



